Background/Objectives: To compare the effects of two dietary approaches on changes in dietary intakes and body weight: (1) an approach emphasizing nonrestrictive messages directed toward the inclusion of fruits and vegetables (HIFV) and (2) another approach using restrictive messages to limit high-fat foods (LOFAT). Subjects/Methods: A total of 68 overweight-obese postmenopausal women were randomly assigned to one of the two dietary approaches. The 6-month dietary intervention included three group sessions and ten individual sessions with a dietitian. Dietary food intake and anthropometric variables were measured at baseline, at 3 months and at 6 months. Results: Energy density decreased in both groups after the intervention compared with baseline (HIFV, À0.3±0.2 kcal/g; LOFAT, À0.3 ± 0.3 kcal/g; Po0.0001). Although body weight decreased significantly in both groups after the intervention compared with baseline (HIFV, À1.6±2.9 kg; LOFAT, À3.5±2.9 kg; Po0.0001), women in the LOFAT group lost significantly more body weight than women in the HIFV group (P ¼ 0.01). In the HIFV group, the decrease in energy density was found to be an independent predictor of body weight loss. Conclusions: The LOFAT approach induces more weight loss than does the HIFV approach in our sample of overweight-obese postmenopausal women.
Introduction
In a context of a worldwide obesity epidemic, the National Heart, Lung, and Blood Institute guidelines for the treatment of overweight and obesity in adults focus on energyrestricted, low-fat diets to achieve a negative energy balance and, consequently, weight loss (National Institutes of Health, 1998) . A weight loss of 5-10% of initial body weight improves metabolic profile (Ratner et al., 2005; Deibert et al., 2007; Phelan et al., 2007) and reduces the incidence of type II diabetes (Knowler et al., 2002) . Furthermore, results from the Diabetes Prevention Program have shown that for every kg of weight loss, there was a 16% decrease in type II diabetes risk, emphasizing the beneficial effect of very modest weight losses (Hamman et al., 2006) .
Many studies have compared different dietary weight loss approaches. Some studies have compared popular diets (Dansinger et al., 2005) , whereas others have compared diets that differed in terms of macronutrient composition, such as low-fat diets or low-carbohydrate diets (Dansinger et al., 2005; Sacks et al., 2009) . Globally, no diet has been identified as being superior in terms of effectiveness. Adherence to dietary weight loss approaches has been identified as a key factor for successful weight loss, regardless of the characteristics of the approach (Dansinger et al., 2005; Sacks et al., 2009) . However, adherence is difficult to achieve. One of the factors that might thwart adherence is the difficulty in maintaining high levels of dietary restriction in the long term. Also, it has been shown that restrictive diets may have negative effects on eating behaviors such as an increased appetite (Doucet et al., 2000) and an increase in frequency of obsessive thoughts about food (Hart and Chiovari, 1998) , and they could also be associated with a greater risk of depression symptoms (Chaput et al., 2007) . To avoid the perceived deprivation, an alternative approach could be to emphasize positive messages promoting the consumption of healthy foods with low energy density rather than focusing on restricting high-fat foods.
Fruits and vegetables generally have low energy density (defined as kcal/g) because of their high water and low fat content and a high intake of fruits and vegetables has been associated with a lower prevalence of obesity (Ledikwe et al., 2006) . Rolls et al. (2004) have suggested that advising people to increase fruits and vegetables may be an effective approach for long-term weight management as it emphasizes positive messages rather than negative restrictive messages. Few studies have investigated the efficacy of dietary interventions focusing on a high intake of fruits and vegetables on dietary and body weight changes. Dietary interventions promoting an increase in fruit and vegetable intakes without emphasis on weight loss did not show a significant weight loss (Pierce et al., 2007) . However, in weight loss studies in which dietary advices to increase fruits and vegetables were combined with advices to reduce energy intake, significant weight loss was noted (Epstein et al., 2001; Appel et al., 2003) . In fact, Ello-Martin et al. (2007) showed a significant weight loss of 7.9 kg after a 1-year intervention consisting in both dietary fat reduction and increased intake in fruits and vegetables. To the best of our knowledge, no study in overweight-obese postmenopausal women has compared a dietary intervention based on positive messages promoting an increased consumption of fruits and vegetables without emphasis on fat reduction with a more traditional approach based on restrictive messages to favor a low-fat diet. Therefore, the purpose of this study was to compare two dietary approaches in postmenopausal women: (1) one approach emphasizing nonrestrictive positive messages directed toward the inclusion of fruits and vegetables (HIFV) without any advices about energy or fat reduction and (2) another approach using restrictive messages to limit high-fat foods (LOFAT). More specifically, we wanted to compare the effects of these two approaches on changes in dietary intakes, body weight and waist circumference.
Subjects and methods

Subjects
A total of 68 overweight-obese postmenopausal women aged between 45 and 68 years were recruited through local newspapers in the Quebec City metropolitan area. Women had to have a waist circumference X88 cm (National Institutes of Health, 1998) . Only women with stable body weight (±2.5 kg for the last 3 months before the study) were included. Postmenopausal status was determined by the absence of menses for at least 1 year and by a measure of the follicle-stimulating hormone between 28 and 127 UI/l. None of the women included in our study had type II diabetes or any other metabolic disorders. Women were excluded if they were using any type of hormone therapy. Type II diabetes was detected using a 2 h oral glucose tolerance test (American Diabetes Association Diagnosis and Classification of Diabetes Mellitus, 2006) . Also, women showing a high level of depression symptoms or having eating disorders (as determined by the Beck Depression Inventory (Cole et al., 2003) and the Eating Disorder Examination Questionnaire (Mond et al., 2004) , respectively) were excluded. During the 6-month dietary intervention, five women dropped out for personal reasons (two in the LOFAT and three in the HIFV group) and one woman in the HIFV intervention group did not complete anthropometric and dietary measurements at 6 months for medical reason unrelated to the intervention. All participants signed an informed consent document before entering the study, which was approved by the Laval University Research Ethics Committee.
Intervention
Two dietary approaches similar in terms of treatment intensity but differing in terms of targeted nutritional changes were compared. Postmenopausal women were randomly assigned to one of the two following approaches through the use of permuted block randomization: (1) HIFV (n ¼ 35) and (2) LOFAT (n ¼ 33). The HIFV approach focused on positive messages promoting the consumption of fruits and vegetables with key messages and intervention tools specifically designed to help emphasize the inclusion of fruits and vegetables in the diet without any advice being given about fat reduction. The LOFAT approach focused rather specifically on restrictive messages about decreasing high-fat food consumption in the diet with key messages and intervention tools that facilitate the identification and restriction of high-fat foods. Both dietary approaches were based on changes in food habits and no specific goal for energy restriction was identified. Each phase was conducted using a similar 6-month intervention design with three group sessions and ten individual sessions with a registered dietitian. Two registered dietitians were trained to provide a standardized intervention. They were unaware of research hypotheses. Each dietitian was in charge of an equal number of women from both dietary intervention groups to avoid an intervener effect.
This information was conveyed through two group sessions and subjects from both approaches were mixed to avoid a bias that could result from the characteristics of the group. A cooking lesson was also provided before initiating individual sessions. Women in the HIFV approach received advices on how to incorporate fruits and vegetables in recipes, whereas women in the LOFAT approach received specific advices to decrease fat in cooking.
Individual sessions
The individual intervention developed was inspired by a cognitive behavioral approach (Cooper and Fairburn, 2001) . It is important to mention that regarding food habit changes, individual targets in accordance with the dietary intervention group arm were established rather than common targets for all women in each group. Therefore, the dietitian had a nondirective approach as the individual targets were established in collaboration with the participant. In this context, individual targets and the manner of achieving them could vary.
More specifically, for the HIFV approach, the dietitian helped the participant to identify objectives in terms of increasing fruit and vegetable consumption. It is important to mention that the focus was on fresh fruits and vegetables rather than juices and fried vegetables because of their lower fiber content and higher energy density, respectively. No specific goal for energy intake was established. In the HIFV approach, the dietitian would never directly suggest to the participant to reduce their consumption of high-fat food to reach the objective of increasing fruit and vegetable consumption. In the event that the participant would suggest by herself the reduction of high-fat food as a means to incorporate fruits and vegetables, the dietitian would approve this suggestion but would also try to propose other unrestrictive means for reaching the objective. Conversely, for the LOFAT approach, the dietitian helped the participant to identify objectives in terms of decreasing the consumption of high-fat foods and portion the size of fatty foods. No specific goal for energy intake was established. To avoid bias, subjects were unaware that the dietary intervention included two different weight loss approaches.
Anthropometry
Height, weight and waist circumference were measured at baseline, at mid treatment (3 months) and at the end of the weight loss intervention (6 months) using standardized procedures as previously reported (Lohman et al., 1988; Goulet et al., 2003) .
Dietary intakes
A validated food frequency questionnaire (FFQ) was administered at screening, baseline, 3 months and 6 months. At screening, to be eligible, women had to consume less than seven portions a day of fresh fruits and vegetables (excluding juices and potatoes) and more than 25% of energy provided from dietary fat. Briefly, the FFQ was administered by a registered dietitian, and was based on typical foods that are available in Québec. It contains 91 items and 33 subquestions. This FFQ has a good validity. In fact, mean energy intake value measured by the FFQ and by a 3-day food record was not different (4.3% higher with FFQ) and the coefficient of correlation between the two measures was significant (r ¼ 0.29; Pp0.01). Energy-adjusted coefficient correlations were all significant for proteins (r ¼ 0.36; Pp0.01), lipids (r ¼ 0.56; Pp0.01) and carbohydrates (r ¼ 0.60; Pp0.01) (Goulet et al., 2004) . Furthermore, we have shown that both the FFQ and the 3-day food record detected similar dietary changes that occurred in response to a 12-week nutritional intervention (Goulet et al., 2004) . Evaluation of nutrient intakes derived from FFQ was performed using the Nutrition Data System for Research software, version 4.03 (the Nutrition Coordination Center, University of Minnesota, Minneapolis, MN, USA; Food and Nutrient Database 31, released in November 2000). A fruit or a vegetable serving excluded fried vegetable, potato and juice. Dietary energy density was defined as energy content (kcal/g) of all food excluding beverages (Ledikwe et al., 2005) .
Underreporting was estimated at baseline using the Goldberg cutoffs for energy intake-to-basal metabolic rate (EI/BMR) (Goldberg et al., 1991) . The EI/BMR ratio was calculated by dividing self-reported energy intake using the FFQ by the basal metabolic rate using the Schofield equations (Goldberg et al., 1991) . Subjects with an EI/BMR ratio o1.36 were considered as underreporters (Black, 2000) .
Eating behaviors
The Three-Factor Eating Questionnaire (51 items) assesses three factors that refer to cognitions and behaviors associated with eating. These factors are dietary restraint, disinhibition and hunger. More precisely, dietary restraint is a conscious control of food intake with concerns about shape and weight (21 items; score ranging from 0 to 21). This questionnaire has been validated and all scales have good test-retest reliability (Stunkard and Messick, 1985; Laessle et al., 1989) .
3-day activity diary
Women filled out a validated 3-day activity diary including 2 weekdays and 1 weekend day at baseline, 3 months and 6 months. The activities were categorized according to mean energy expenditure on a 1-9 intensity scale for each 15-min period during 24 h, and subjects used a list of categorized activities to fill out their diary, as previously reported (Major et al., 2005) .
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Statistical analyses
Statistical analyses were performed using the SAS software (version 8.2; SAS Institute, Cary, NC, USA). Data at 6 months were analyzed on an intention-to-treat basis including all participants tested at baseline. Baseline values were carried forward for participants with missing data at 3 and 6 months. For participants with only missing data at 6 months, 3-month values were carried forward. Difference among and between dietary intervention groups were tested by PROC MIXED procedure for repeated measurements. Adjustment for baseline values of each dependent variable tested was systematically performed. Tukey-Kramer adjusted P-values were used to determine statistical significance between times and time Â group interactions when a significant effect was detected by the MIXED analysis.
Pearson's correlations were performed to determine associations between changes in body weight and changes in dietary variables within each dietary group. In both groups, multiple regression analyses were performed to determine the independent contribution of fat intake, energy density, and fruit and vegetable intake to the variance of weight loss using a stepwise procedure. For all statistical analyses performed, an a level of 0.05 was used.
Results
No significant difference was observed between groups at baseline for subject characteristics (Table 1) , body weight (Figure 1 ) or dietary intakes (Tables 2 and 3) .
Changes in daily food servings
There was no difference in daily food servings between dietary intervention groups at baseline (Table 2) . Compared with baseline values, subjects in the HIFV and LOFAT groups ate significantly less grain products and desserts after 6 months of intervention. Also, subjects in the HIFV group had a higher intake of fruits and vegetables at 6 months than at baseline and their intakes were higher than in the LOFAT group (P ¼ 0.003 for group Â time interaction).
Changes in daily energy, macronutrients and energy density As shown in Table 3 , energy intake decreased significantly at 3 months and at 6 months compared with baseline in the LOFAT group, whereas no significant change was observed in the HIFV group (P ¼ 0.009 for group Â time interaction). Women in the LOFAT group decreased their protein, carbohydrate and fat intakes, whereas women in the HIFV group increased their total fiber intake at 6 months compared with baseline. Women from both groups decreased the energy density of their diet at 3 months and at 6 months compared with baseline. Weight of food consumed increased in response to the intervention in the HIFV group and value at 6 months was significantly higher than in the LOFAT group (P ¼ 0.002 for group Â time interaction). Moreover, subjects in the HIFV approach increased significantly more dietary intakes in folate (6.6 vs À45.1 mg per day), vitamin A (5906 vs 415 IU per day) and b-carotene (3499 vs 724 mg per day) than did subjects in the LOFAT approach.
Changes in anthropometric variables
Body weight decreased significantly in the LOFAT group at 3 months (À1.5 ± 1.8 kg; Po0.0001) and at 6 months (À3.5 ± 2.9 kg; Po0.0001) compared with baseline ( Figure 1a ). In the HIFV group, body weight decreased at 3 months (À0.7 ± 1.7 kg; P ¼ 0.1829), but the decrease reached significance only at 6 months (À1.6 ± 2.9 kg; P ¼ 0.0004). The LOFAT group lost significantly more weight between baseline and 6 months (À3.5 ± 2.9 vs À1.6 ± 2.9 kg; P ¼ 0.01) and between 3 and 6 months (À2.6 ± 1.6 vs À1.6 ± 1.9 kg; P ¼ 0.02) than did the HIFV group. Both groups had significantly decreased waist circumference at 6 months of the dietary intervention compared with baseline (Figure 1b) , but there was no difference in waist circumference at baseline, 3 months and 6 months between groups (P ¼ 0.17 for group Â time interaction).
Changes in eating behaviors
Cognitive dietary restraint increased significantly in the LOFAT group at 3 and 6 months compared with baseline, Fruit and vegetable intake and weight loss A Lapointe et al whereas no significant change was observed in the HIFV group. Moreover, the LOFAT group had a higher cognitive dietary restraint score than the HIFV group at 3 months (11.7±5.1 vs 10.0±4.7; P ¼ 0.001) and at 6 months (12.5±4.3 vs 11.0±4.5; P ¼ 0.001).
Correlation analyses
After univariate correlation analyses, it was found in the HIFV group that a decrease in fat intake (r ¼ 0.39, P ¼ 0.03), a decrease in dietary energy density (r ¼ 0.59, P ¼ 0.0004), and an increase in fruit and vegetable intake (r ¼ À0.38; P ¼ 0.03) were associated with body weight loss. In the LOFAT group, none of the changes measured in dietary variables was significantly associated with weight loss. Multivariate regression analyses were performed to determine the independent contribution of changes in dietary variables to body weight change. Changes in dietary variables that were found to be correlated in univariate analysis to changes in body weight were entered in the multivariate model. In the HIFV group, energy density was found to be an independent predictor of weight loss (r 2 ¼ 0.35; P ¼ 0.0004), whereas in the LOFAT group, no variable met the significant level for entry into the model.
Discussion
Our results showed that women from both HIFV and LOFAT approaches lost significant body weight and that the decrease in body weight was greater in women from the LOFAT group. Both groups followed dietary recommendations specific to each dietary approach as reflected by the pattern of changes in daily food servings consumed. In fact, women in the HIFV group increased their fruit and vegetable intakes, whereas women in the LOFAT group decreased highfat foods such as dessert servings. Among women in the HIFV group, those who decreased more the energy density of their diet had a greater weight loss.
In a meta-analysis including studies using diet alone to induce weight loss, Franz et al. (2007) reported a mean weight loss of 4.9 kg at 6 months. More specifically, ad libitum low-fat intervention studies usually showed a weight loss of 3-4 kg (reviewed in Astrup et al., 2002) , which is in line with the weight loss observed in our LOFAT intervention (mean weight loss of 3.5 kg). We observed a greater weight loss in the LOFAT group compared with the HIFV group, which is concordant with the greater reduction in energy intake observed in the LOFAT group. In our study, nutritional analysis assessed by an FFQ showed that women in the LOFAT group had a mean decrease of B415 kcal per day at 3 months and B520 kcal per day at 6 months, which seems substantial considering the fact that they lost a mean of 3.5 kg after 6 months of dietary intervention. At baseline, when women had to have a stable weight for at least 3 months, we estimated that 27% (n ¼ 12) of women in the LOFAT group underreported energy intake. It is difficult to identify potential underreporters at the end of the intervention as the women were likely to be still in an active weight loss process. Therefore, a negative energy balance is expected in this situation. However, some studies have suggested that underreporting is more important with a higher level of dietary restraint (Asbeck et al., 2002) . This might suggest that women from the LOFAT group underreported more at the end of the intervention compared with baseline as their dietary restraint increased in response to the intervention. Therefore, it might be suggested that the true decrease in energy intake in the LOFAT group was probably smaller than what we estimated with our FFQ (B520 kcal per day).
Other studies have investigated the effects of increasing consumption of fruits and vegetables in the context of a weight loss approach. Epstein et al. (2001) reported a greater decrease in percentage of overweight with a dietary intervention focusing on a high intake of fruits and vegetables 
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Meat, poultry and fish Baseline 1.4 ± 0.6 -1.7 ± 1.0 -3 months 1.5±0.6 0.0±0.5 1.6±0.9 À0.1±0.6 6 months 1.3±0.6 À0.1±0.5 1.5±0.7 À0.2±0.7 Visible fat Baseline 7.3 ± 5.7 -6.3 ± 4.7 -3 months 5.2 ± 3.8 À2.1 ± 5.4 a 6.3 ± 4.8 0.0 ± 4.1 6 months 5.4 ± 4.2 À1.9 ± 4.1 5.9 ± 3.6 À0.4 ± 2.9
Nuts
Gravy and sauce Baseline 2.4±4.3 -0.7±1.7 -3 months 1.8 ± 3.0 À0.6 ± 3.7 0.8 ± 1.4 0.1 ± 1.4 6 months 0.5 ± 0.8 À1.9 ± 4.2 a 0.5 ± 1.5 À0.2 ± 2. Abbreviations: HIFV, high intake of fruits and vegetables weight loss intervention; LOFAT, low-fat weight loss intervention. Serving equivalence ¼ vegetables and fruits: 125 ml or a medium vegetable or fruit; grain products: 1 slice of bread, 125 ml of pasta, rice or couscous, 30 g of cereal; dairy products: 250 ml of milk, 50 g of cheese, 175 ml of yogurt; meat, poultry and fish: 90 g; nuts: 60 ml; visible fat: 5 ml; gravy and sauce: 5 ml; dessert: 1/12 cake, 1/6 pie, 2 cookies or a regular chocolate bar; snack: 250 ml fries or chips.
Values are means ± s.d. Fruit and vegetable intake and weight loss A Lapointe et al compared with an intervention focusing on decreasing intakes of high-fat/high-sugar foods. It is worth mentioning that in Epstein's study, overweight subjects in both groups were advised to consume between 1200 and 1500 kcal per day to achieve weight loss. Therefore, the spontaneous impact of increasing fruit and vegetable intakes on overall energy consumption could not be verified in that study. Recently, Ello-Martin et al. (2007) have shown that a dietary intervention promoting an increased consumption of fruits and vegetables in combination with targeting a decrease in Fruit and vegetable intake and weight loss A Lapointe et al fat intake was more effective to lose weight (À8.9±0.8 kg) than an approach focusing only on reducing fat intake (À6.7 ± 0.7 kg) at 6 months. Overall, when considering all previous studies promoting an increase in fruit and vegetable intakes in a weight loss context, the decrease in fat intake simultaneously with the increase in fruit and vegetable intakes seems important to achieve weight loss. In fact, a dietary intervention promoting an increase in fruits and vegetables combined with a fat reduction led to a greater weight loss than our HIFV approach based only on the increase in fruit and vegetable intakes (Ello-Martin et al., 2007) . Despite the fact that our HIFV intervention did not prescribe a dietary fat reduction, we found that women who spontaneously decreased energy density lost more body weight as energy density was an independent predictor of weight loss. In the HIFV group, the decrease in energy density was explained by the increase in weight of food and more specifically by the increase in fruit and vegetable intakes. It has been shown that individuals tend to eat a constant quantity of food (Yao and Roberts, 2001) . The increase in the weight of food observed in the HIFV group probably led to a decreased feeling of hunger and a higher satiety, which could favor a spontaneous decrease in energy intake. This mechanism might explain the link between the decreased energy density and the decrease in body weight in women from the HIFV group. In addition, some studies have clearly shown that decreasing energy intake did not influence hunger and satiety feelings when achieved by lowering the energy density of meals without decreasing the total weight of food consumed (Bell et al., 1998; Rolls et al., 1999; Yao and Roberts, 2001 ). Accordingly, it could be suggested that an intervention focusing on positive messages to increase fruit and vegetable intakes will lead to weight loss only in women with adequate perceptions of their satiety signals who spontaneously substitute fruits and vegetables for energy-dense foods. The novelty of our study is that we investigated a dietary intervention promoting an increase in fruit and vegetable intake without any restrictive messages about fat or energy reduction. Thus, the fact that we did not observe an increase in dietary restraint in our HIFV group was in line with our intervention objectives. Despite the fact that an increase in dietary restraint has been associated with a greater weight loss (Lemoine et al., 2007) , an increase in dietary restraint has also been associated with adverse effects on eating behaviors (Hart and Chiovari, 1998) . However, it is interesting to note that we observed in our HIFV approach a small but significant weight loss without any increase in dietary restraint. Therefore, this type of nonrestrictive approach could be an interesting alternative avenue, especially for subjects who are more likely to experience side effects of high dietary restraint levels. It could be interesting to verify whether we could achieve greater weight loss by combining our nonrestrictive HIFV approach with another nonrestrictive approach such as promoting an increase in physical activity, which is known to facilitate a negative energy balance.
In summary, an approach using restrictive messages to limit high-fat foods was more effective in inducing a shortterm weight loss in our sample of overweight-obese postmenopausal women than an approach emphasizing nonrestrictive messages directed toward the inclusion of fruits and vegetables. A dietary intervention focusing on high intake of fruits and vegetables without specific targets for energy intake or fat reduction led to a small but significant weight loss after 6 months. In interventions focusing on increasing intake of fruits and vegetables, the spontaneous decrease in energy density of the diet seems important to achieve a significant weight loss.
